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The  adrenal  glands  of  a  number of  individuals  who  died  in  the 
uremia  I  of  terminal  inflammatory Bright's  disease  have  been  found 
to be larger than those obtained at postmortem following death from 
other causes.  These patients usually if not always suffer from second- 
ary infections and infections of various kinds have been found  (1,  2) 
to  cause enlargement of the  adrenal  glands.  It is therefore difficult 
to say whether the adrenal  enlargement is a  result of the uremia per 
se  or  is  brought  about  by  secondary  infections.  The  experiments 
which  are  described  here  were  accordingly  carried  out  to  determine 
the effect in the rat of an uncomplicated experimental uremia on the 
weight  and  size of the adrenals. 
Methods. 
Albino  rats  were  used  as  the  experimental animals.  Because  of  the  gross 
difference in the weights of the adrenal glands of the two sexes (3) a separate experi- 
ment was carried out on each sex.  All the animals in an experiment were of the 
same sex and of exactly the same age.  In each experiment the rats were arranged 
in order of their body weight, every alternate animal being placed in the control 
group.  Both groups were put on a special diet and weighed daily for 5 days be- 
fore operation.  On the day of operation both kidneys were removed from each 
* This work was aided by the Wellington Gregg Fund for the Investigation of 
Bright's Disease. 
The use of the term "uremia" is limited here to the cases having an abnormal 
retention  of  non-protein  nitrogen  in  the  blood  and  does not  include  patients 
suffering from so called uremic symptoms whose blood urea concentrations were 
not abnormal. 
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rat of the operated group through short lumbar incisions while the animal was un- 
der ether anesthesia.  Within a very few minutes following the removal of both 
organs and the suspension of the anesthetic the animal was moving about its cage. 
The rats in the control group were treated in exactly the same manner as those 
undergoing the  double nephrectomy except  that  their  kidneys were  only ex- 
posed.  From the time of operation until they were killed the animals of both 
groups were without food but allowed water. 
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DAY OF  EXPERIMENT 
TExT-FIG. 1. 
The rats of the operated group were just as lively as those in the control group 
until about 70 hours after operation when the former would become comatose and 
show muscular twitchings.  In order to avoid this terminal stage both groups 
were sacrificed about 60 hours after operation.  Each rat was weighed and then 
anesthetized with ether.  A  blood specimen was obtained from the abdominal 
aorta and its urea content determined later.  The adrenals were then removed, EATON M.  MACKAY AND LOIS LOCKARD MACKAY  431 
carefully freed from adherent  fat  and  connective tissue and weighed.  This 
weight was recorded  as the "wet" weight.  The tissue was then fixed  in l0 per cent 
neutral formalin. 
The adrenals in each group were arranged in order of the magnitude of the 
adrenal weight, body weight, ratio.  Every other pair of glands was imbedded in 
parafi% and sectioned serially.  One 10 micron section from every 50 micra of 
tissue was preserved for determining cortex or medulla volume changes.  The 
other half of the fixed  adrenals of each group was washed  24 hours in distilled  water 
and their "dry" weight determined after dehydration in a vacuum oven at 70°C. 
In one experiment the defatted dry weights were determined by extracting the 
dehydrated glands with hot anhydrous ether, an alcohol-ether  mixture and finally 
absolute alcohol, several times in each case.  The extracted glands were then 
further dried under reduced pressure and weighed. 
Experiment  1 was performed with male rats  100  days of age  at 
operation while in Experiment 2 female rats 180  days of age at the 
same time were used.  The body weights for the two experiments are 
charted in Text-fig. 1.  Neither the control nor operated groups lost 
very much weight during the  3  days that they were without food. 
Since in neither Experiment 1 nor 2 were the dried adrenals preserved 
for further treatment a  third experiment was performed in order to 
obtain "defatted"  adrenal weights.  In this experiment female rats 
170 days of age at the time of operation were used. 
Results. 
The results of Experiments 1 and 2  are given in Tables I  and II. 
These  give  indisputable  evidence of  adrenal  enlargement following 
the  production  of  an  experimental  uremia  by  means  of  bilateral 
nephrectomy.  Except for the inherent sex difference in the weight of 
the adrenals the results are essentially the same for both sexes.  The 
actual differences between the averages of the fresh or "wet" adrenal 
weights of the two control and operated (uremic) groups are, for the 
males,  10.9  rag.  and,  for the  females,  13.6  mg. while the probable 
difference of  the  average  determined by the  usual method is  only 
±  0.72 rag. for the males and ±1.71 rag. for the females.  The degree 
of adrenal enlargement in  these  experiments as determined by the 
"wet" weight of the glands 60 hours after the removal of both kidneys 
from  the  operated  group  amounted  to  64.9  per  cent  in  the  male 
experiment and 46.8 per cent in the case of the female experiment. 432  ENLARGEMENT  OF ADRENAL CORTEX IN UREMIA 
Since  the  average  initial  body  weights  of  the  control  and  operated 
groups  are practically alike the results  (Tables I  and II)  determined 
from actual weights and adrenal weight in relation to the initial body 
weight are essentially the same.  The latter only are considered here. 
TABLE  I. 
F~peri~n~ 1 (Males). 
No. 
Body weight 
Orlg~l  Final 
Blood urea 
concentration 
AdremM 
weight 
Adrenal tissue per 100 gin. 
body weight 
"Wet"  [  "Dry" 
gin.  gin.  rag. per lOO cc.  rag.  rag.  rag. 
Control group 
1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
Mean 
190 
216 
190 
204 
2O0 
208 
210 
226 
214 
230 
2O9 
179 
210 
180 
194 
196 
2O2 
216 
221 
206 
231 
2O4 
30.8 
26.3 
30.9 
27.3 
32.4 
30.0 
27.2 
31.7 
28.1 
33.6 
29.8 
36.1 
40.0 
35.0 
37.0 
35.3 
35.8 
35.0 
36.6 
29.0 
30.2 
35.0 
18.9 
18.5 
18.4 
18.1 
17.5 
17.3 
16.7 
16,4 
13.5 
13.0 
16.8 
6.4 
6.8 
5.8 
5.6 
5.0 
5.9 
Operated (uremic) group 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
Mean 
204  204 
212  219 
198  198 
220  216 
180  173 
196  193 
206  208 
224  220 
238  240 
212  204 
2O9  2O7 
550.0 
574.6 
556.8 
551.0 
700.0 
550.7 
566.0 
487.5 
570.0 
.549.0 
565.6 
68.0 
68.1 
56.9 
61.7 
50.0 
51.6 
54.2 
56.0 
59.1 
52.0 
57.8 
33.3 
32.1 
28.8 
28.2 
27.8 
26.5 
26.2 
25.0 
24.7 
24.5 
27.7 
m 
10.5 
11.2 
10.1 
8.1 
8.6 
9.7 
It is conceivable that the enlargement of the adrenals which ensued 
in the uremic animals is a  result not of hypertrophy  but simply of an 
increase in weight brought  about by an edema or at least an increase 
in water  content.  In each  alternate  animal in Experiments  1  and  2 EATON M. MACKAY  AND LOIS LOCKARD  MACKAY  433 
(Tables I  and II) and in every case in Experiment 3  (Table III) the 
glands were  dehydrated by the methods which have been  described 
and the  "dry" weight of adrenal tissue  determined.  In Experiment 
1  (males)  the  actual  difference  between  the  averages  of  the  "dry" 
TABLE II. 
Exparimen~ 2 (Females). 
No.  Body  weight 
Origlnalgm.  "  Finalgm. 
Blood urea 
concentration 
Adrenal 
weight 
rag. per lOOcc,  rag. 
Control group 
Adrenal tissue  per 100 gin. 
body weight 
"Wet"  I  '¢Dry" 
m£.  m&, 
1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
Mean 
172 
170 
218 
200 
180 
200 
189 
226 
212 
212 
198 
166 
164 
210 
194 
180 
195 
182 
220 
198 
200 
191 
36.4 
25.5 
31.7 
21.8 
32.7 
27.3 
35.4 
31.2 
24.5 
30.8 
29.7 
63.0 
56.8 
69.1 
63.2 
53.0 
56.3 
51.0 
60.0 
55.0 
43.2 
57.1 
36.6 
33.5 
31.6 
31.5 
29.4 
28.0 
27.0 
26.5 
25.9 
20.3 
29.0 
12.8 
12.5 
9.8 
6.2 
6.8 
9.6 
Operated (uremic) group 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
Mean 
164 
200 
175 
192 
190 
216 
226 
212 
175 
206 
196 
154 
186 
165 
182 
180 
200 
212 
196 
166 
180 
182 
743.2 
650.0 
760.0 
712.5 
658.2 
550.0 
698.1 
572.0 
745.5 
702.0 
679.2 
95.0 
98.1 
78.2 
83.4 
80.8 
90.3 
91.1 
81.4 
64.0 
66.0 
82.8 
58.0 
49.0 
44.5 
43.3 
42.6 
41.7 
40.3 
38.2 
36.6 
32.0 
42.6 
13.6 
13.6 
12.8 
12.0 
10.9 
12.6 
adrenal weights of the control and operated groups is 3.8 rag. while 
the  probable  difference is  ±  0.40 mg.  For Experiment  2  (females) 
the same figures are 3.0 rag.  and  ±  0.89  mg.  and  in  Experiment  3 
(females)  3.3  mg. and  ~  0.59  mg~  respectively.  The degree of ad- 434  ENLARGE~NT  OF ADRENAL CORTEX  IN UREMIA 
renal  enlargement determined from  the  dry  tissue  weights  in  the 
three instances is 64.6 per cent (Experiment 1), 31.3 per cent (Experi- 
ment 2) and 32.7 per cent (Experiment 3).  A large increase in weight 
is still present so that it is safe to conclude that an increased water 
content is not the sole cause of the heavy adrenals in the uremic rats. 
However since in neither case is the degree of enlargement as great 
as that found for the wet tissue weights the increase in water content 
was of somewhat greater magnitude than  the degree of increase in 
solids.  The increase in solids in the three experiments was 64.6 per 
cent, 31.3 per cent and 32.7 per cent respectively while the increase in 
water amounted to  65.1  per cent, 54.6  per cent and  77.3  per  cent 
respectively.  In one case (Experiment 1, males) the increases in solids 
and water content were the same. 
Landau and McNee (4)  have determined chemically the content 
of cholesterol and cholesterol esters in the adrenals for a  number of 
conditions.  Among  these  were  several  uremic  individuals  whose 
adrenal  glands  contained  a  higher  percentage of  cholesterol and 
cholesterol esters than any of the other cases examined.  Because of 
this,  and the interest which has often been manifested in  the  lipid 
content of the adrenals in relation to changes in these glands, in one 
experiment (Experiment 3) the glands were defatted with appropriate 
solvents to determine the possible increase in lipid content as a cause 
of  the  increased  weight.  The  results  in  Table  III  indicate  that 
substances soluble in fat solvents contributed more to  the weight of 
the uremic  than  of  the  control adrenals,  for  the  degree of hyper- 
trophy determined from the dried defatted glands was less: 21.0  per 
cent as compared with the 32.7 and 31.3 per cent found for the dried 
glands which Were not defatted. 
As we have shown elsewhere (5)  the compensatory hypertrophy of 
the remaining gland which follows unilateral adrenalectomy is limited 
to the cortex.  The adrenal enlargement which follows chronic intoxi- 
cation as in  chronic infections  (1)  and  after repeated injections of 
foreign proteins (2)  in the production of antisera also appears to be 
confined  to  the  cortex.  In  the  present  experiment  likewise  the 
hypertrophy was limited to  the cortex.  Alternate glands from Ex- 
periments 1 and 2 were available for histological examination.  After 
fixing  these  were  imbedded  in  paraffin  and  serial  sections  made. EATON M. MACKAY AND LOIS LOCKARD  MACKAY 
TABLE  III. 
Experiment 3 (Females). 
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No. 
Body  weight 
Original  ,.  Final 
gm.  gm. 
Adrenal 
weight 
Adrenal  tissue  per  100 gm.  body weight 
*'Wet"mg.  ,  "Dry"rag.  "Defatted" 
mg.  mg. 
Control group 
1 
3 
5 
7 
9 
II 
13 
15 
17 
19 
21 
23 
25 
27 
29 
Mean 
170 
174 
164 
194 
168 
2O4 
180 
180 
186 
206 
214 
198 
20O 
189 
200 
188 
172 
174 
162 
176 
168 
184 
182 
182 
176 
196 
210 
190 
202 
190 
192 
184 
68.3 
59.8 
49.8 
57.7 
47.0 
57.0 
49.2 
48.6 
50.0 
54.6 
56.0 
48.9 
49.9 
47.1 
48.1 
52.8 
40.2 
34.4 
30.3 
29.7 
28.0 
27.9 
27.3 
27.0 
26.9 
26.5 
26.1 
25.2 
25.0 
24.9 
24.0 
28.2 
14.7 
12.9 
7.6 
9.3 
9.1 
10.8 
9.2 
9.7 
9.7 
9.9 
10.2 
10.6 
9.0 
9.3 
9.4 
10.1 
10.8 
11.8 
5.5 
9.2 
6.0 
10.1 
7.8 
7.8 
9.6 
4.8 
9.0 
8.2 
7.7 
6.3 
7.2 
8.1 
Operated (uremic) group 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
Mean 
200 
169 
186 
164 
178 
189 
170 
199 
200 
186 
186 
222 
172 
200 
212 
189 
216 
163 
180 
168 
200 
194 
170 
194 
203 
186 
208 
222 
168 
204 
224 
193 
112.2 
92.3 
92.1 
81.4 
87.3 
89.4 
80.1 
89.9 
81.2 
75.6 
73.0 
85.3 
65.4 
75.2 
59.8 
82.7 
56.1 
54.6 
49.6 
49.6 
49.2 
47.3 
47.1 
45.0 
40.6 
40.6 
39.2 
38.5 
38.0 
37.6 
28.2 
44.1 
20.7 
17.2 
11.2 
17.2 
12.7 
11.5 
15.0 
13.8 
13.3 
11.7 
11.7 
13.0 
11.6 
12.9 
8.1 
13.4 
11.8 
11.8 
8.5 
10.9 
9.0 
10.1 
10.5 
9.7 
10.1 
9.9 
i0.0 
10.5 
8.5 
9.2 
5.6 
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Precautions were taken during the imbedding to reduce the shrinkage 
to  a  minimum.  Whatever  reduction  in  size  resulted  was  however 
probably of  about  the  same  degree  in  each  group.  Every  fifth  10 
micron section was accurately outlined  by means of a  camera lucida 
at a  magnification of 35  diameters on heavy paper of uniform weight 
TABLE  IV. 
Experiment 1 (Males). 
No,  Adrenal volume  Medulla volume 
Adrenal volume per 100 gm. original body weight 
Cortex 
c.mm.  #.mm.  c.mm.  c.mm. 
Control group 
Wholec.mm.gland  I  Medulla 
1 
5 
9 
13 
17 
Mean 
7.8 
5.7 
7.7 
8.0 
5.4 
6.9 
0.7 
0.5 
0.8 
0.7 
0.4 
0.6 
4. I0 
3.00 
3.85 
3.81 
2.52 
3.45 
0.37 
0.26 
0.40 
0.33 
O. 19 
0.31 
3.73 
2.74 
3.45 
3.48 
2.33 
3.15 
Operated (uremic) group 
2 
6 
10 
14 
18 
Mean 
8.4 
7.3 
11.2 
9.0 
12.7 
9.7 
0.5 
0.6 
0.9 
0.6 
0.9 
0.7 
4.12 
3.69 
6.22 
4.37 
5.32 
4.74 
0.24 
0.30 
0.50 
0.29 
0.38 
0.37 
3.88 
3.39 
5.72 
4.08 
4.94 
4.40 
Whole  gland .......... 
Cortex ............... 
Medulla .............. 
Difference of means 
Actual 
1.29 
1.25 
0.06 
Probable 
+0.33 
±0.30 
±0.11 
Hypertrophy 
~ef C$~t 
37.4 
39.7 
(19.3) 
per  unit  area.  The  medulla  if present  in  the  section  was  also  out- 
lined.  Typical  central  sections  through  the  glands  of  Experiments 
1  and  2  are  reproduced  in  Text-fig.  2.  The  area  of  these  enlarged 
paper sections was determined  by their weight.  These  areas of the 
whole  gland  and  of the  medulla,  based  on  10  micron  sections,  were EATON M. MACKAY AND LOIS LOCKARD MACKAY 
TABLE  V. 
Experiment 2  (Females). 
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No.  Adrenal volume  Medulla volume 
Adrenal volume per 100 gra. original body weight 
Whole  gland  Medulla  Cortex 
c.mm.  c.m/n,  c.mm.  c.mm.  c.~m. 
Control group 
1 
5 
9 
13 
17 
Mean 
10.3 
10.3 
9.6 
7.3 
7.6 
9.0 
1.2 
0.9 
0.7 
0.8 
0.6 
0.8 
6.00 
4.73 
5.31 
3.86 
3.58 
4.69 
0.70 
0.41 
0.39 
0.42 
O. 28 
0.44 
5.30 
4.32 
4.92 
3.44 
3.30 
4.25 
Operated (uremic) group 
2 
6 
10 
14 
18 
Mean 
14.4 
13.4 
13.1 
14.1 
12.6 
13.5 
1.2 
0.6 
0.8 
0.9 
1.1 
0.9 
8.78 
7.66 
6.90 
6.22 
7.20 
7.35 
O. 73 
0.34 
0.42 
0.40 
0.63 
0.50 
8.05 
7.32 
6.48 
5.82 
6.57 
6.85 
Difference of means 
Hypertrophy 
Actual  Probable 
per cent 
Whole gland ...........  2.66  ±0.36  56.6 
Cortex ...............  2.60  ±0.33  61.2 
Medulla ..............  O. 06  ±0.20  (13.7) 
TABLE  VI. 
Percentage Increase of Adrenals in  Uremia. 
Whole  gland  Medulla 
.VIales.. 
Females. 
i  Weight  Solids  Water  Liplds  Volume 
per cent  per cent  per cent  per cent  per cent 
64.9  64,6  65.1  37.4 
46.8  .32.0  65.9  80.0  56.6 
Volume 
per cent 
39.7 
61.2 
Volume 
~er test 
19.3 
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considered  representative  of  the  50  micron  slabs  from  which  they 
came and the volume of the 50 micron section thus determined.  The 
volume of the cortex and medulla of each gland was then determined. 
These results comprise Tables IV and V. 
It is evident from both experiments that the hypertrophy is limited 
to the cortex as there is no significant difference in the medulla volumes 
of the  control  and  hypertrophied  glands.  In  the  case of the  males 
when  considered as hypertrophy of the entire  gland,  the increase in 
the weight of the  tissue as we have  already shown amounted  to  65 
per cent.  This is due to a  40 per cent increase in the volume of the 
b 
'TI)I'IL 
Exp.  10nale)  Lxp.2 ~emale) 
T~xT-FIG. 2.  Camera lucida outlines of central sections of adrenal medulla and 
cortex.  (a)  Normal adrenals of control groups.  (b) Hypertrophied  adrenals of 
uremic groups. 
cortex.  The increase in the weight of the whole gland in the female 
group (Table II) was 47 per cent and the increase in cortex volume 61 
per cent.  In Table VI these increases have been compared with the 
increases in weight and the chemical findings. 
Histology. 
The  adrenal  glands  from  the  uremic  rats  have  been  shown  to 
contain  a  higher  percentage  of material  soluble in fat solvents than 
those from the controls,  This is in disagreement  with the observa- 
tions of Pfeiffer (6)  who found that  the amount of fat demonstrable 
microscopically in the adrenals of guinea pigs and rabbits which were 
made  uremic  by double nephrectomy was much  less than  normally 
present.  A  number  of adrenals  from  uremic  and  control  rats  were 
therefore  examined  in  frozen  section  with  a  fat stain  (Sudan  III), EATON 1~.  MACKAY  AND LOIS LOCKARD MACKAY  439 
The  pictures obtained  (Fig.  1)  were similar  to  those described by 
Pfeiffer and did not bear out our chemical findings.  In both sets of 
glands the medulla as usual contained no fat while the zona glomeru- 
losa  of  the  cortex  contained  the  most.  Between  these  two  zones 
there was a  gradual variation in the amount present but throughout 
the fat stain was evident in a  much higher concentration and more 
evenly distributed  in  any given zone in  the normal adrenals.  We 
must  conclude  consequently that  although  material  soluble  in  fat 
solvents is present in higher concentration in uremic adrenal glands 
most of this is of such a nature that it does not take the ordinary fat 
stains.  The differences in  staining and solubility suggest (15)  that 
the decrease in the uremic glands is in cholesterol while there is an 
increase in  saturated  fatty  acids  which  do  not  take  the  fat  stain 
Sudan III. 
On microscopical examination of paraffin adrenal sections (stained 
with iron-hematoxylin and eosin)  from uremic animals a  number of 
changes from the normal picture were found present.  As we have 
noted, the cortex is much larger (Text-fig. 2)  in the uremic adrenals. 
In a number of cases there were areas of hyperemia in the cortex and 
in two glands small hemorrhages surrounded by an area of necrosis 
were  found.  Hyperemia,  hemorrhage  and  necrosis  of  the  adrenal 
cortex have been reported before (6, 8) as a sequence of experimental 
uremia in guinea pigs, rabbits and dogs.  In our experiments it formed 
an almost negligible part of the histological picture. 
The  cortical  cells  (Fig.  2)  of  the  uremic  adrenals  were  greatly 
enlarged.  Their columnar arrangement was obliterated.  The swollen 
cells did not stain as deeply or with a granular protoplasm such as is 
present in the cells of the normal gland.  Nuclei of all the cortical 
cells were swollen and larger than normal.  They stained more lightly 
than usual  and in  the  fixed section were surrounded by unstained 
areolae.  In the reticular zone of the cortex (Fig. 3)  the same differ- 
ences between the cells in the control and uremic adrenals were found. 
In addition this part of the uremic glands was vacuolated by many 
dilated  capillaries  lined  with  endothelium but  containing  no  cells 
or other  stainable  material.  Although  potentially  present  in  the 
normal gland they are not evident except under very high power. 
The  medulla  (Fig.  4)  of  the  uremic  adrenals  showed  distended 440  ENLARGEMENT OF ADRENAL CORTEX IN UREM~IA 
capillaries similar to those present in the adjoining cortical area.  It 
is possible that the higher degree of adrenal enlargement found with 
the wet weights than with the dried glands may have been due to the 
fluid  congestion of  these areas.  As has  been noted by others  (7), 
there was also evidence of degeneration in the medullary cells.  The 
nuclei were swollen and stained less intensely than before and there 
was (6-9) a decrease in the chromafl~n staining substance.  The cells 
of the medulla were swollen.  It would be supposed that this cellular 
enlargement in  addition  to  the distended sinuses would give larger 
adrenal medulla volumes in the uremic than in the control rats and 
such was the case in the two experiments (Tables IV and V) in which 
this was determined.  The increase in the medulla volume was how- 
ever so small that it had no statistical significance. 
DISCUSSION. 
There is little reason to believe that the changes which have been 
found in adrenal glands following the production of an experimental 
uremia are unique for this condition.  They are probably the mani- 
festation of an intoxication and follow uremia because of the abnormal 
retention of metabolites.  The  cortical  hypertrophy which ensued is 
perhaps analogous to the marked hypertrophy of the adrenal cortex 
known  (1,  2)  to  accompany chronic infections and intoxications in 
animals.  A  somewhat  similar  cortical  enlargement follows foreign 
protein injections (2)  in the production of antisera and we have re- 
cently found an increase in the volume of the adrenal cortex of the rat 
as a result of chronic intoxication with morphine or bacterial vaccine. 
In severe infections and intoxications pathological changes in the 
adrenal glands (6,  10,  11)  occur regularly, varying in intensity from 
hyperemia, congestion and edema to hemorrhages and foci of necrosis. 
Changes of a similar nature in the uremic adrenals have been described. 
A decrease in the chromaphil staining of the adrenal medulla accom- 
panied the uremia.  This exhaustion is common to various intoxica- 
tions and infections (6,  12). 
The characteristic stainable lipids in the adrenal cortex show the 
same striking alteration in distribution (irregular) and amount (less) 
in uremia as in other intoxications (6,  12, 13, 14). EATON M'. MACKAY  AND LOIS LOCKARD  MACKAY  441 
SUMMARY. 
The production of an experimental uremia in the albino rat by re- 
moval of  both  kidneys is  followed by hypertrophy of  the  adrenal 
glands.  In the case of male rats 90 days of age this adrenal enlarge- 
ment amounted to 65 per cent and in the case of female rats 180 days 
of age 47 per cent. 
The increase in the size of the whole gland is due entirely to hyper- 
trophy of the cortex.  This increase in the volume of cortical tissue 
amounted to approximately 40 per cent for males and 61 per cent for 
females and was due in large part to an increase in the size of the cells. 
The content of water and material soluble in fat solvents was higher 
in the uremic than the control glands.  However after subtraction of 
such storage materials a true hypertrophy of the cortex still remained. 
It amounted to 21 per cent. 
Histologically the stainable fat had a  more  irregular distribution 
and was present in lesser  amount in the adrenals from  the  uremic 
animals.  The  capillaries  of  the  medulla  and  reticular  cortex were 
distended.  The nuclei of both the cortical and medullary cells were 
swollen and stained faintly. 
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EXPLANATION OF PLATES. 
PLATE 22. 
FIG. 1.  Adrenal sections from (a) control rat, and (b) uremic rat.  Cut, stained 
and photographed under identical conditions.  10 micron frozen sections stained 
with Sudan nI.  ×  90.  Shows the irregular distribution and diminished  con- 
centration of stainable lipids in the uremic adrenal cortex. 
FIG. 2. Zona fasciculata of adrenal cortex, (a) control; (b) uremic.  6 micron 
paraffin  sections  stained with iron-hematoxylin and eosin.  ×  350.  Shows the 
swollen nuclei and cells in the uremic gland. 
PLATE 23. 
Fro. 3.  Zona reticularis of adrenal cortex, (a)  control; (b) uremic.  6 micron 
paraffin sections stained with hematoxylin and eosin.  X 350.  Shows distended 
capillaries. 
FIG. 4.  Adrenal medulla.  (a) control; (b) uremic.  6 micron paraffin sections 
stained  with  hematoxylin  and  eosin  after  chrome  fixation.  ×  350.  Shows 
distended capillaries  and  large nuclei.  The swollen cells  contain a  decreased 
amount of chromaffin substance. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  XLVI,  PLATE 22. 
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